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Extended Abstract

Background: Common vetch (Vicia sativa ssp. sativa L.) is one of the most important livestock
legumes in the Mediterranean mega-environment due to its multiple uses, its high nutritional
value, and its ability to grow in different environmental conditions. Increased nutritional needs
for livestock require the introduction of animal feed legumes in crop rotations. Common vetch is
considered among the best options to be part of crop rotations, especially in lower rainfall areas,
and a good alternative to cereal monoculture, as it produces higher seed and protein yields, in
comparison. Another advantage of vetch cultivation is its compatibility with organic and low-
input farming systems. Its usefulness is based on the exploitation of atmospheric nitrogen, which
is satisfactory in certain cultivation areas. Vetch-cereal intercrops produce considerably higher
protein yields on the soil without any need for N-fertilizers. It is a usual approach to cultivate
local varieties or mixtures among them to maintain yield under low-input farming systems that
support mainly livestock. Autumn vetch cultivation in terms of increasing the efficiency of
rainfall increases grain yield compared to spring cultivation under rainfed conditions. In addition,
to maximize yield and control phenotypic expression, breeders must select specific genotypes that
are stable or adapted to a specific environment. Therefore, the identification of high-yield
genotypes with adaptation to a wide range of environments is one of the major goals in crop
breeding programs. In multi-environment experiments, vetch yield is influenced by the genetic
structure, environment, and genotype x environment interaction. To better interpret the genotype
x environment interaction, the additive main effects and multiplicative interaction (AMMI) model
is one of the most common methods in the study of multi-environment experiments. The current
study aimed to investigate the effect of the genotype x environment interaction on vetch
genotypes and to identify stable, high-yielding genotypes that are compatible with the climatic
conditions of temperate rainfed regions of Iran.

Methods: In this study, eight promising vetch genotypes, along with “Maragheh” and “Tolo”
cultivars, were cultivated in a randomized complete block design for five consecutive cropping
years (2019-2024) in Kogiluyeh and Boyer Ahmad/Gachsaran, Lorestan/Khoramabad,
Ilam/Chardavel, and Mehran. In the field, each plot consisted of four planting rows, 7 meters long,
with a distance of 25 cm and a density of 150 seeds per square meter. Stability analysis was
performed using the AMMI multivariate method. Statistical analyses were performed using the
Metan and GGE packages of multi-environment experiments in R software.

Results: The AMMI analysis of variance showed that the effects of environment, genotype, the
genotype x environment, and the first five main components were significant. Therefore, due to
the significance of the genotype X environment interaction, it is possible to perform stability
analysis on these data. According to AMMI analysis, the first and second main components of
the genotype-environment interaction accounted for 51.6 and 25.6% of genotype x environment
interaction variations, respectively. The effect of the first five main components was significant
and in total explained 96.5% of the genotype x environment interaction variations. The shares of
the environment, genotype, and genotype X environment interaction in the sum of total squares
were 35.45, 8.908, and 55.65 percent, respectively. Among the studied genotypes, Genotype 2
with 1.451 ton/ha, followed by genotypes 1, 5, and 3, produced the highest grain yields. Based on
the ASV stability index, genotypes 4, 6, and 5, based on the SIPC index, genotypes 5, 1, 2, and 4,
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based on the EV index, genotypes 1, 4, 3, and 10, and genotypes 5, 7, 2, and 6 based on the index
Za were the most stable genotypes. Based on the simultaneous selection index of ssiASV,
genotypes 1, 2, 3, and 4, based on the ssiSIPC index, genotypes 2, 1, 3, and 5, based on the ssiEV
index, genotypes 1, 2, 3, and 4, based on the ssiZA index, genotypes 2, 5, and 1, and based on the
ssiWAAS index, genotypes 5, 1, 2, and 7 were the best genotypes in terms of yield and stability.
Based on the AMMII biplot, genotypes 4, 7, 5, 1, and 6 with mean grain yields higher than the
overall average and lowest values of IPCA1 were identified as stable genotypes with high general
compatibility. In the AMMI2 biplot, genotypes 4, 5, and 6, in addition to high general stability,
produced higher grain yields than the overall average. In addition to the AMMI indices, Lin and
Binn's superiority index was also used to identify the best genotypes, and based on this, genotypes
1, 3, 5, and 2 were the most stable genotypes in the studied environments.

Conclusion: In general, genotypes 1 (V.S.IVAT- 2003), 2 (V.S.IVAT- 2556), and 5 (V.S.IVAT-
2709) produced high yields in most of the environments based on different indices and showed
good stability in most methods. Therefore, they could be candidates for the introduction of new
cultivars.
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Olivoto et ) d445 o0 plol b sw i cpl 59, » AMMI
Db ol 5 005 o3liel (gl sl yzal L (al., 2019
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5 (Olivoto & Lucio, 2020) Metan' pb L  Jasxoss
pbul R l38le 5 s (Wright & Laffont, 2018) GGE
e 35 3l sl oMl CueS G lp Sl
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Table 1. Names of promising vetch cultivars and genotypes used in the experiment

s S w555 b ™ g5 5 5 P ™
Genotype code Genotype name Origin Genotype code Genotype name Origin
Gl V.S.IVAT-2004- 2003 Hungary G6 V.S.IVAT-2004- 2717 ICARDA
G2 V.S.IVAT-2004- 2490 Syria G7 V.S.IVAT-2004- 2721 ICARDA
G3 V.S.IVAT-2004- 2556 Cyprus G8 V.S.IVAT-2000-1852-2755 ICARDA
G4 V.S.IVAT-2004- 2558 Italy G9 MARAGHEH C.V. IRAN
G5 V.S.IVAT-2004- 2709 ICARDA G10 TOLO C.V. IRAN

Table 2. Geographic characteristics of experimental area

oialejl sl bl oldlis o Sy -V Jos>

Jsb

U Sk ke

ailaio (y2e) by> s 1 i) e s ’ (o8l Lyl
Location Above mean sea level (m) et kel (e LA“ ) (Climatic conditions)
Longitude Latitude Average rainfall (mm)
Kohgiluyeh and Boyer Ahmad / Gachsaran 668 30°18'E 50°,59'N 596.8 Warm
Lorestan/Khoramabad 1147 48°,18'E 33°29'N 445 Moderat cold
Ilam/Mehran 1898 45°24'E 31°,58' N 211 Moderat warm
Ilam/ Shirvan chardavol 975 33°34'E 46°,29' N 603.9 Moderat warm

VYUY clalo > ol); s Job o islesl (lysl sblie 4Vl (S5)b olime Y Joio
Table 3. The annual rainfall of experimental areas during the cropping seasons (2019-2024)

ailais WRIA-ITA] YRRV Veeo1E VEA-VEY VET-VEY
Location 2019-2020 2020-2021 2021-2022 2022-2023 2023-2024
Kohgiluyeh and Boyer 491 (E4) 580.5 (E5)
Ao 1Y e hsaras 4352 (El) 591.5 (E2) 331.5(E3)
Lorestan/Khoramabad 523.6 (E6) 304.9 (E7) 307 (E8) 462.7 (E9) 489.8 (E10)
Ilam/Mehran 318.3 (E11) 276.3 (E12) - 54.1 (E13) 205.6 (E14)
Ilam/ Shirvan chardavol 603.6 (E15) 302 (E16) 223.6 (E17) 493.4 (E18) 555.5 (E19)
MWW dlmla:m o..\;.h)oLf‘.} iy E19 U El
El to E19 represent environments 1 to 19, respectively.
Sk s glapadls Y Joa>
Table 4. Stability analysis indices
ol osls da, 2l
No. Index Formula References
SSIPC1 P
i ol ol ) = (IPC1)*]+ (IPC2)* Purchase ef al., 2000
AMMI Stability Value (ASV) SSIPC2
2 slheyes ggaze lnedlio (slaygome SIPC=YN_, 295 yin Sneller et al., 1997

Sum of IPCs Scores (SIPC)
AMMILs b 2ol ofzg st

3 Eigenvalue (EV) stability parameters of EvV= 2ﬁ:1|}’izn| /n

AMMI

W)J PIPC s o L}Ua.n).ﬂ
4 Absolute value of the relative Zai=YN_16.v:
contribution of IPCs to the interaction @ = Zn=1/6nYinl
(Za)
Bllas Slyes g ke "
o SN_IIPCAm XEPy|

5 Weighted average of absolute scores WAAS; = %Nigpxn

(WASS) meL
6 Olejen Sl pasls SSI=RASV* +RY

Simultaneous selection index (SSI)

; Srp oadls p, DK=M)

Superiority index (Pi)

2n

Zobel et al., 1988

Zalietal., 2012

Olivoto et al., 2019

Farshadfar, 2008

Lin and Binns, 1988

(ol oadlgo Mus) P e ) = 1 (lacwgsf olaad) Ve e N =i

i=1, ..., 10 (Number of genotypes); n = 1, ..., p (Number of principal components)

s o93) IPC2 Slayjo ggome 1 IPCL Clayjo g9
(adls ol b laeigy (bl e cusday (Lol addge

ol 03ld uol.«w‘ L))9 655”261 WAA) s(ASV) \ 4]0)‘) 2

SSIPC2

s by 85 cal (IPC1) Lo alye jyme (ppinss &

!, Multi-Environment Trial Analysis
2, Restricted maximum likelihood

3. Likelihood Ratio Test
4. AMMI Stability IndiceS
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5 i) e e W3S dgi ) e G
e 5 Claye g30ms 53 s X 55} HiSiamy
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(Greveniotis et al., 2021)
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Al i adlge 1 gy dlaws ] 56l 45 oS
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s el 3 plT i 0503 APCAIn pl | o555 ' llae
429 ouibly ylade EPy 5 (IPCA) jiiSon (Lol adlsa
Mae pyiaS b Godely ol IPCA ool N lawgs i
Olivoto et al.,) s9i 0 48,5 Jai  ,Jul WAAS
PSS o 4 5 s a5y R(ASV) & o, 55 (2019
38des (150ke 45, RY 5 AMMI ()lily slaasls Sl
Sy paslis opl 0,8 .l o plod ) lacuiel) 4l
el 9wl 3Sles Jla 1 5y Glacwg) olels
oanls 93 e 4 bewyl i 5o &S Cosl 4 5, Sles
Gl 0y dogi &b 5 Shas (g)lul 5 b 5 Sae 1Sls
IPCA; vs grain) Jol g¢ Ml slaylrges
AMMI, (IPCA; vs IPCA) pgs g5 5 AMMI, (yield
Q‘)K.a.m 5 Jioj lawgs od o3l oy 3,5kl ooy b
ua3ls A eauiS Metan diw L (Zobel et al., 1988)
4§ (Lin and Binns, 1988) 1 duul>e V alayly b (g5
2 el gy 0Sles Xij tpl i gl cip Picol
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Table 5. AMMI combined analysis of variance for seed yields of vetch genotypes

4 > cwigrs blite S5l olpuss so
Sl polie T Sl pgeme Sluye Sk F i P ) Jliso Jjl Sl doy lppsss re30 Loy
’ o3l ’ ’ Lo i ’
The percentage of variation from .
Sum of Mean of p Cumulative
sov df Squares Squares F Value the geno}ﬁ{)eer—aifix:)\gronment percentage of changes
ENV 18 269.182 14.9546 31.63
REP(ENV) 38 17.966 0.4728 6.53
GEN 9 13.054 1.4505 20.03
GEN:ENV 162 66.968 0.4134™ 5.71
PCl 26 34.567 1.3295 " 18.36 51.6 51.6
PC2 24 17.111 0.713 ™ 9.85 25.6 77.2
PC3 22 6.763 0.3074 425 10.1 87.3
PC4 20 3.371 0.1686 " 2.33 5.0 92.3
PC5 18 2.818 0.1566 ™ 2.16 4.2 96.5
PC6 16 1.196 0.0748 ™ 1.03 1.8 98.3
PC7 14 0.496 0.0354 0.49 0.7 99
PC8 12 0.405 0.0337 " 0.47 0.6 99.6
PC9 10 0.242 0.0242
Residuals 342 24.761 0.0724
Total 731 458.9 0.6278
C.V.(%) 15.27

ns

203 ) 90 Jlain] s 53 S5 ixe g ) grepus i gay T 9T

", " and *": Non- significant, significant at 5 % and 1 % probability levels, respectively
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(Simultaneous selection index, SSI)
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Table 6. Stability indices, ranks of genotypes, and the simultaneous selection index (SSI)

R Egore 054 ylide . .
&l 5 Slas " i i . . ) 29 ) ot las 8
g S 2 p)Seks) ol e £ kol adlsa kel e el e el e ‘L’I.MJ" 3 sl bk PIPC s aboSlesas,  ASV 4y, >
i | ke > Il ssloyge (8 ) SIPC
(isa Js Py Pl ey s et ) @b Sany
4 Laail3e AMMI ;
Genotype Grain Yield IPCAL IPCA2 IPCA3 IPCA4 IPCAS IPCA6 ASV SIPC EV ZA rY rASV SIPC
code (Kg/ha)
Gl 1.446 -0.2639 -6.21E-01 0.2091 0.02278 -0.05975 0.4922 0.819 1.177 0.043 0.198 2 7 2
G2 1.451 -0.8671 -3.52E-02 -0.1514 -0.1739 -0.3216 -0.1319 1.750 1.308 0.075 0.196 1 2 3
G3 1.426 -0.746 -3.81E-01 0.0335 -0.1738 -0.1583 -0.04373 1.550 1.549 0.056 0.283 4 3 5
G4 1.4 0.0337 -3.85E-02 0.3167 0.3062 0.2467 -0.4071 0.078 1.492 0.044 0.290 5 10 4
G5 1.428 -0.2346 4.02E-01 0.321 0.6736 -0.1057 -0.02138 0.621 0.942 0.118 0.067 3 8 1
G6 133 -0.2946 1.12E-01 -0.3059 -0.3814 0.5758 -0.1789 0.606 1.737 0.115 0.196 8 9 7
G7 1.344 0.1518 1.23E+00 0.04064 -0.2653 -0.1229 0.2364 1.270 1.670 0.145 0.170 6 5 6
G8 1.342 1.099 -3.06E-01 0.4778 -0.387 -0.3045 -0.188 2.240 1.813 0.157 0.268 7 1 8
G9 0.9667 0.6436 -0.1605 -9.52E-01 0.2737 -0.2585 -0.03868 1310 2.574 0.175 0.430 10 4 10
G10 1.118 0.4783 -2.05E-01 0.01071 0.1052 0.5088 0.2811 0.988 2.288 0.073 0.310 9 6 9

DSy 3 IPC s i 3llao 148 :ZA AMMI (g)lul yiol)l o3sg lade EV dndilie (slaygome (slooyes ggaze SIPC ¢ ol (gl 5, :ASV
ASV: AMMI stability value, SIPC: Sum of IPCs scores, EV: Eigenvalue stability parameter of AMMI, ZA: Absolute value of the relative contribution of IPCs to the interaction

Slojer Ol adls g bews gl ady g lub la m3ls _s N
Table 6. Continued ek w9 BGaish) 4) ()l geya> Jgaa sl

el adls el adls el adls S e il
- ; 49, T Olejen bl (asls ‘ ‘ Slyed (359 oL . < ;
) S EV 45, 7 RSS SIPC Olojen olejer ; WAAS 43, ssIWAAS 43,
ASV EV Za
Genotype code rEV 1Za ssiASV ssiSIPC ssiEV ssiZa WAAS rWAAS sSiWAAS
GI 1 5 9 4 3 7 0.304 4 6
G2 5 3 3 4 6 4 0313 5 6
G3 3 7 7 9 7 11 0.453 7 11
G4 2 8 15 9 7 13 0.457 8 13
G5 7 1 11 4 10 4 0.0827 1 4
G6 6 4 17 15 14 12 0.272 3 11
G7 8 2 11 12 14 8 0.236 2 8
G8 9 6 8 15 16 13 0.376 6 13
G9 10 10 14 20 20 20 0.659 10 20
G10 4 9 15 18 13 18 0.467 9 18
WASS: Weighted average of absolute scores, SSI: Simultaneous selection index logan sl Lasls SSI ¢ allas Slyes g5 uSile WAAS
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Table 7. Selected genotypes in each environment based on the AMMI method

b (ko 53 pyS5kS) &l 3 Slos Jol 4, p9> 45, Py &) Pl 45)
Environment Grain yield (kg/ha) First rank Second rank Third rank Forth rank
EI 1.317 4 2 6 1
E2 0.717 1 2 4 3
E3 1.100 1 3 2 4
E4 1.180 1 2 3 4
ES 1.840 3 6 1 2
E6 1.333 3 7 5 2
E7 0.593 7 9 5 6
E8 0.387 8 6 9 5
E9 1.447 9 3 6 5
E10 1.547 6 1 4 7
Ell 1.357 1 8 6 4
El2 1.390 7 6 3 4
El13 0.350 1 7 8 3
El4 1.940 8 3 5 4
El5 2.900 4 10 7 5
El6 0.223 2 10 8 9
El17 1.527 3 2 5 8
EI8 1.397 2 3 5 4
E19 2.633 3 2 1 4

TN olad Glcaisy Jlole coif @ Sn e w9 0d SR ol al p e beig alwlis
s cwgi aosllacl slalase (0 a5 b o v ¥ 9 O 3
oolol g ol gl 0g bacuiei i 0 o ¥ oF o) ojladd AMMI iz (sl jadls  ogde < ingh opl 53
Drp Y a0 XY oleds ey (adls aw oyl oxlazwl (Lin & Binns, 1988) jiu 5 op) (50 23l
ol b sl o 00g ok adllas slalase ) ey (Pi-a) blase plad 3 1) o8, oges (s5p a5 A3
oozl L 5 (Ebadi e al., 2022) o Kon 5 Slind caongs  (Pi-u) copllasl slalaes 5 (Pi-f) wslas (clalases
b lowis) ceilil @n claass » Pl pasls I o)lad sy Pi-a (asls ulul 5 S oo (g xS 0jll
038 glolis 8 cslhe glalame 13 Kdg iy sl T g 0

ol 5 Colhae slalame dalace 555 sy a3l b Sdle 5y Sl (ololid —A Jg>
Table 8. Identification of the superior vetch genotypes by the superiority index in all, favourable, and unfavorable

environments
alby s Y S N3y S5 N3 LS
g 5 ) Slos PSP ot Pica a3, PSP et Pifas, PEPro Piu 45,
(LS y> p,55LS) b Low S slas slalasxe ool slalase
Genotype code (T\E)l:/ll?a) Pi-a rPi_a Pi_f rPi_f Piu rPi_u
Gl 1.446 0.182 1 0.308 1 0.008 1
G2 1.451 0.223 5 0.375 5 0.014 3
G3 1.426 0.198 2 0.326 2 0.021 6
G4 1.4 0.205 4 0.345 4 0.012 2
GS 1.428 0.202 3 0.337 3 0.016 4
G6 1.33 0.300 7 0.497 6 0.030 8
G7 1.344 0.368 8 0.621 8 0.021 5
G8 1.342 0.300 6 0.501 7 0.023 7
G9 0.9667 0.562 10 0.835 10 0.186 10
G10 1.118 0.397 9 0.633 9 0.074 9

u,lk.ab &Lth]a.}m PESR ua>lw : Pi-u u.:}“@o dLh]a.:?m BENE3JY LPL“’ Pi-f oo Jf PESR ua>lw :Pi-a
Pi-a: Superiority index in all environments, Pi-f: Superiority index in favourable environments, Pi-u: Superiority index in unfavourable environments
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Figure 1. The AMMI1 biplot to identity the superior vetch genotype based on mean grain yield and PC1. The name of
genotypes and environments are based on the Tables 1 and 3, respectively.
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Figure 2. The AMMI2 biplot to identity the superior vetch genotype based on the first two PCs. The name of
genotypes and environments are based on the Tables 1 and 3, respectively.
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